Background: Workers' compensation status is associated with poor outcomes after rotator cuff repair surgery. The purpose of this study was to analyze a database of geriatric workers' compensation patients after surgical repair of the rotator cuff and identify both medical and nonmedical patient factors that influence the time it takes for them to return to work at full duty, including a comparison of arthroscopic and open techniques. Methods: An all workers' compensation database was queried for rotator cuff claims that were surgically managed using arthroscopic, open, or both approaches from 2003 to 2013 in patients aged !60. Primary outcomes were the number of days for return to full work (RTW) following surgery and the total reimbursement for health care. Multivariate analysis was performed, and data are presented as average + standard deviation. open, P < .001). Patients aged !65 had more medical expenses than patients aged 60 to 64 (P ¼ .03). Potentially modifiable variables that significantly prolonged RTW timing and higher health-care claims included need for vocational rehabilitation services and filing of a legal suit. Conclusions: Return to full-duty work in geriatric workers' compensation patients after rotator cuff repair takes about 5 months regardless of surgical approach and costs significantly more in patients aged !65. Arthroscopic repairs generated 13% more cumulative health-care costs than open surgery alone. More efficient vocational rehabilitation services and minimizing legal suits may help get patients back to work sooner and reduce overall costs.
Introduction
Multiple patient factors have been identified that may negatively impact functional outcomes following rotator cuff surgery; however, workers' compensation seems to be one of the most widely and consistently cited predictors. [1] [2] [3] [4] [5] Patients being cared for under workers' compensation have been reported to have worse outcomes after partial-thickness tear repairs, 2 fullthickness tears, 5 after retear, 4 and they may be less compliant with postoperative protocols. 1 Some have reported that nearly 90% of these patients eventually return to their preoperative level of work, but typically well over 7 months after surgery. 6 There are European studies that return to work after rotator cuff surgery may be tied to compensation quantities and the nature of work for the individual. 7 No study in the United
States has evaluated specific patient factors in an entire cohort of workers' compensation patients to determine what factors influence return to work and overall costs. With the introduction of bundled payments for Medicare joint replacement and other cost-limiting reforms that are being put forward, it is important to identify additional factors that generate costs related to the patients' care that are not related to the surgical treatment itself. The purpose of this study was to analyze a database of geriatric workers' compensation patients after surgical repair of the rotator cuff and identify both medical and nonmedical patient factors that influence the time it takes for them to return to work at full duty, including a comparison of arthroscopic and open techniques. Our hypothesis was that arthroscopic surgery would help return patients to work faster but generate higher reimbursement claims.
Methods
After institutional review board approval, access to the Sedgwick Claims Management Services' Workers' Compensation database for Illinois was obtained for the years 2003 The outcomes of interest were the number of days for return to full work (RTW) following surgery and the total reimbursement for health-care-related claims (adjusted to 2013 dollars to account for inflation and log transformed to satisfy model assumptions) in patients aged !60. The primary independent variable was the type of surgical approach (arthroscopic, open, and both). The unadjusted association between the type of surgical approach and the outcomes of interest was analyzed using t tests and the Kruskal-Wallis test. Adjusted analyses utilized Cox proportional hazard models with temporal and regional fixed effects (for RTW outcome) and linear regression models with temporal fixed effects and state random effects (for health-care-related claims outcome), while controlling for relevant employee, employer, and treatment covariates that were likely to confound the association. The RTW data are presented as hazard ratios, and claims data are presented as log-transformed estimates. We used 2-tailed hypothesis tests and P value <.05 to indicate statistical significance.
Injury mechanism was classified into the following groups: (1) pushing, pulling, lifting; (2) slip, trip, falls; (3) repetitive motion; (4) motorized vehicle accidents; and (5) other. Job classifications were divided into the following categories: (1) farm related; (2) driving, flying, boating related; (3) manufacturing; (4) low demand; (5) repair, installation, maintenance work; (6) warehouse or product dealer; (7) restaurant related; (8) Table 1 .
In multivariate RTW analyses, there was no significant difference between the 3 groups in their time to RTW (P > .05). Causes of injury other than pushing/pulling/lifting injuries, filing during certain years, and various job classifications were significant predictors of earlier RTW (P < .05). The need for vocational rehabilitation services and filing of a legal suit were associated with later RTW (P < .05; Table 2 ).
After controlling for differences between states of jurisdiction, multivariate analysis of reimbursement for claims with arthroscopic surgery were found to be 13% higher (95% confidence interval: 0.06-0.14, P < .001). Age ! 65 (vs 60-64), injury due to ground-level falls (Reference Group [RG]: pushing/pulling/lifting), need for vocational rehabilitation services, loss of at least 45 working days (RG: <45 days), filing of a legal suit, and general employees of a medical facility/hospital (RG: farm-related injuries) were significant predictors of higher health-care claims. Surgeries for injuries in 2006 (RG: 2003), service length between 10 and 20 years (RG: <3 years), and claims filed in the South and West (RG: Midwest) were significantly associated with lower claim amounts ( Table 2) .
Discussion
This study identified litigation and vocational rehabilitational services as the only modifiable variables that negatively impacted return to work and overall health-care costs in geriatric workers' compensation patients undergoing rotator cuff repair, both completely unrelated to their medical care. This is the first study to our knowledge reporting the time to return to work, health-care claims, and patient variables that influence these outcomes after arthroscopic and open surgery in an all workers' compensation patient population. Contrary to our hypothesis, patients undergoing arthroscopic repair had similar return to work times compared with open surgery; however, arthroscopic surgery resulted in more health-care claims. The majority of significant variables identified that influenced return to work and reimbursement claims were nonmodifiable.
Previous studies have reported return to work timing after rotator cuff repair in workers' compensation patients. The data in this study suggest it takes around 5 months for compensated patients to return to full-duty work. This is actually less than previous studies, which ranged from 7.6 to 9.8 months. 6, 8, 9 Aside from being a negative predictor for outcomes, 4,5 workers' compensation status has additionally been a predictor for inability to return to work by 6 months after rotator cuff repair. 10 The RTW timing average for our cohort was somewhat better than previous reports, but still much longer than noncompensated patients. Non-workers' compensation patients in the United States and the lowest compensated patients in Belgium (self-employed) after rotator cuff repair all seem to return to work at around 2 months postoperatively on average, compared to prolonged recovery of compensated patients. 7, 8 Compensated patients having prolonged return to work timing compared with noncompensated have been documented for multiple orthopedic procedures. 11 The prolonged recovery and worse outcomes in compensated patients likely leads to more health-care utilization and subsequently higher costs of care after work-related shoulder injuries. [12] [13] [14] [15] [16] [17] The slow recovery and lower outcome scores would be expected to result in more therapy, potentially more imaging, and more physician office appointments relative to noncompensated patients. The data in this study were generated from large cohorts, with overall health-care costs averaging around US $30 000 by the time the average worker returned to full-time work, with arthroscopy being slightly more expensive. The authors were unable to find any previously published data from workers' compensation databases looking at total health-care costs for comparison. The majority of studies reporting on costs after rotator cuff surgery seem to focus more on the actual surgical costs, which were roughly US $8000 to US $9000, 7, 18, 19 and were not specific to workers' compensation patients. Some of these data have shown that arthroscopic rotator cuff repair requires more operating room time and generates higher surgical center costs, possibly from a combination of longer surgical time and more expensive implants. 18 This may partially explain the difference in cost between the 2 groups. Despite the high cost of treating In this analysis, a positive LTE suggests higher health-care expenses, while a negative LTE suggests lower health-care expenses.
compensated patients in our study, the potential savings to society appear to be even greater, and getting these patients back to work ultimately reduces the economic burden to society despite the high initial costs. 20 Although prolonged recovery of workers' compensation patients is well-documented, specific risk factors within this patient population for prolonged recovery are lacking. Older age significantly prolonged return to work in our study, and this has also been previously reported. 9 Unfortunately, the majority of risk factors identified for both return to work and increased financial burden are unable to be modified (age, marital status, injury mechanism, and length of employment). Data of this nature are useful for identifying and documenting which patients would be at high risk of delayed return to work and increased health-care costs, but are not useful for actually working to decrease these costs. Incentivizing patient to return to work sooner by tapering their compensation after a defined time point (like the average return to work of noncompensated patients, ie, 2 months) or attempting to eliminate or modify variables that negatively impact return to work and cost, such as vocational rehabilitation and litigation, are potential avenues for improving return to work and costs associated with workers' compensation patients based on this study.
Vocational rehabilitation services are designed to get patients back to work in a timely manner and may implement any number of resources, including physical therapy, psychological counseling, facilitating job modifications, job analysis, and any number of private sector services that might help injured workers get back to work. 21 These services are expensive, and numerous areas have been identified that could lead to more cost-effective care, some of which are underway in Washington state. 21 Modifications could include reducing repeat referrals, more timely implementation of recovery plans, incentivizing completion of rehabilitation, and shorter or more accelerated rehabilitation plans. 21 Additionally, changing the reimbursement models by linking payment to outcomes has been proposed to be a potential way to decrease costs and improve return to work timing. 22 Interestingly, a worker's desire or expectation to return to work may play a larger role in their recovery than the actual rehabilitation services, 23 suggesting that patient expectations should be considered when developing a rehabilitation plan, which may help reduce utilization and costs.
In this all workers' compensation cohort, filing of a legal suit was a significant predictor of not only prolonged RTW but also higher health-care costs. This finding only adds to the growing number of sources that consistently find litigation negatively affecting the utilization of health-care resources. Defensive medicine by US orthopedic trauma surgeons has been estimated to be roughly US $94 000 annually per surgeon. 22 When considering all subspecialties in the field of orthopedic surgery, the costs may be even higher, with an estimated 24% of tests being performed for defensive measures, resulting in US $100 000 of additional health-care costs per year, per surgeon. 24 The mere act of defending a law suit can generate huge fees, with 30% of litigation costs being legal fees. 25 Although previous data have been published suggesting workers' compensation patients generate more health-care costs for similar injuries relative to non-workers' compensation patients, 26 this is the first study in the orthopedic literature to our knowledge linking litigation (against an employer) in workers' compensation cases to delayed return to work and with increased health-care costs for rotator cuff injuries. Lawsuits associated with workers' compensation claims represent a significant secondary gain issue that would actually incentivize the patient to report lower functional outcomes and resist going back to work, regardless of the surgical technique, rehabilitation program, and overall care by their surgeon. These variables are clearly beyond the control of the surgeon in these complex cases and should be factored into determining the "quality" of care provided.
This study is weakened by the lack of demographic information on these patients, as well as the lack of information regarding the size of the rotator cuff tears. No imaging or intraoperative data were available. This places our data at risk of selection bias. Information regarding the acuity of the tears was also not available, and although injury mechanisms were given, it was not possible to accurately determine the level of energy for specific injuries. Another important point is that the levels of duty descriptor were not available to us from the database, and therefore, we were forced to break up job descriptors into broad categories, in which there is undoubtedly a large variation in the actual physical demand. Information regarding surgical technique beyond arthroscopic or open CPT codes was also not available and would have added additional information to this study. There was no breakdown of health-care costs, and thus we were unable to determine how much was attributed to imaging, surgery, rehabilitation, and so on.
Conclusions
Return to full-duty work in geriatric workers' compensation patients after rotator cuff repair takes about 5 months regardless of surgical approach and costs significantly more in patients aged !65. Arthroscopic repairs generated 13% more cumulative health-care costs than open surgery alone. More efficient vocational rehabilitation services and minimizing legal suits may help get patients back to work sooner and reduce overall costs.
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